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ABSTRACT
INTRODUCTION: Type 1 diabetes occurs when destruction of the pancreatic islet beta cells, usually attributable to an autoimmune process,
causes the pancreas to produce too little insulin or none at all. METHODS AND OUTCOMES:We conducted a systematic review and aimed
to answer the following clinical questions: What are the effects of intensive treatment programmes, psychological interventions, and educa-
tional interventions in adults and adolescents with type 1 diabetes? What are the effects of different insulin regimens or frequency of blood
glucose monitoring in adults and adolescents with type 1 diabetes? We searched: Medline, Embase, The Cochrane Library, and other im-
portant databases up to February 2010 (Clinical Evidence reviews are updated periodically; please check our website for the most up-to-
date version of this review). We included harms alerts from relevant organisations such as the US Food and Drug Administration (FDA) and
the UK Medicines and Healthcare products Regulatory Agency (MHRA). RESULTS: We found 42 systematic reviews, RCTs, or observa-
tional studies that met our inclusion criteria.We performed a GRADE evaluation of the quality of evidence for interventions. CONCLUSIONS:
In this systematic review, we present information relating to the effectiveness and safety of the following interventions: different frequencies
of insulin administration (continuous subcutaneous insulin infusion compared with multiple daily subcutaneous insulin injections), different
frequencies of blood glucose self-monitoring (including continuous blood glucose monitoring compared with intermittent/conventional moni-
toring), educational interventions, intensive treatment programmes, and psychological interventions.

QUESTIONS

What are the effects of intensive treatment programmes, psychological interventions, and educational interventions
in adults and adolescents with type 1 diabetes?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

What are the effects of different insulin regimens or frequency of blood glucose monitoring in adults and adolescents
with type 1 diabetes?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

INTERVENTIONS

INTENSIVE TREATMENT PROGRAMMES, PSYCHO-
LOGICAL INTERVENTIONS, AND EDUCATIONAL
INTERVENTIONS

 Likely to be beneficial

Educational interventions (may improve glycaemic con-
trol compared with controls) . . . . . . . . . . . . . . . . . . . 8

Intensive treatment programmes (may improve gly-
caemic control and long-term outcomes compared with
conventional treatment programmes) . . . . . . . . . . . . 3

 Unknown effectiveness

Psychological interventions  New . . . . . . . . . . . . . . 10

INSULIN REGIMENS AND BLOOD GLUCOSE MONI-
TORING

 Likely to be beneficial

Continuous blood glucose monitoring (may improve
glycaemic control compared with conventional monitoring
in adults aged 25 years or older) . . . . . . . . . . . . . . 14

Continuous subcutaneous insulin infusion (may improve
glycaemic control compared with multiple daily subcuta-
neous insulin injections) . . . . . . . . . . . . . . . . . . . . . 16

Covered elsewhere in Clinical Evidence

Diabetes: prevention of cardiovascular events

To be covered in future updates

Different types of insulin compared with each other

Closed-loop insulin delivery systems

Key points

• Type 1 diabetes occurs when destruction of the pancreatic islet beta cells, usually attributable to an autoimmune
process, causes the pancreas to produce too little insulin or none at all.

The prevalence of type 1 diabetes is 0.02% in people aged 0 to 14 years, and it is estimated that 479,000 people
in this age group have type 1 diabetes worldwide.

Although type 1 diabetes usually accounts for only a minority of the total burden of diabetes in a population, it is
the predominant form of the disease in younger age groups in most resource-rich countries.

• Glycaemic control typically worsens in adolescence, owing to a combination of physical and psychological change
and development.

• There is some evidence that educational and psychosocial interventions may improve glycaemic control and
quality of life in adults and adolescents with type 1 diabetes.

• Intensive treatment programmes in adults and adolescents seem to improve glycaemic control compared with
conventional treatment, and also seem to improve long-term outcomes (such as retinopathy, neuropathy, and
macrovascular events), but they require a considerable investment of time and resources.
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Better glycaemic control is also associated with higher rates of hypoglycaemia, the risk of which may be reduced
with the judicious use of modern technology such as continuous subcutaneous insulin infusion (CSII) and contin-
uous glucose monitoring.

• While regular self-monitoring of blood glucose is recommended to adults with type 1 diabetes, outside the setting
of intensive and structured insulin-management programmes, such as DAFNE (Dose Adjustment for Normal Eating
training), there are no reliable data on which to base advice about optimum frequency of blood glucose self-testing.

• However, the use of continuous glucose monitoring (allowing real-time insulin dose adjustments) may improve
glycaemic control in adults compared with intermittent/conventional monitoring.

• We don't know whether psychological interventions improve glycaemic control compared with control. They may
improve some psychological outcomes; however, evidence was weak and inconsistent.

• Continuous subcutaneous insulin infusion seems effective at improving glycated haemoglobin levels and quality
of life compared with multiple daily subcutaneous injections.

The previously reported increased risk of diabetic ketoacidosis due to disconnection or malfunction of the pump
is not reported in contemporary studies. People using CSII remain at increased risk of ketosis if the insulin delivery
is interrupted for any reason.

We found no evidence regarding the effects of CSII use on long-term complications/outcomes. A limitation of the
current evidence is the limited number of trials that examined current insulin regimens.

DEFINITION The term diabetes mellitus encompasses a group of disorders characterised by chronic hypergly-
caemia with disturbances of carbohydrate, fat, and protein metabolism resulting from defects of
insulin secretion, insulin action, or both.The WHO definition now recognises diabetes as a progres-
sive disorder of glucose metabolism in which individuals may move between normoglycaemia,
impaired glucose tolerance or impaired fasting glycaemia, and frank hyperglycaemia.Type 1 diabetes
occurs when destruction of the pancreatic islet beta cells, usually attributable to an autoimmune
process, causes the pancreas to produce too little insulin or none at all. Markers of autoimmune
destruction (autoantibodies to islet cells, autoantibodies to insulin, or autoantibodies to both islet
cells and insulin, and to glutamic acid decarboxylase) can be found in 85% to 90% of people with
type 1 diabetes when hyperglycaemia is first detected. [1] The definition of type 1 diabetes also
includes beta-cell destruction, in people prone to ketoacidosis, for which no specific cause can be
found. However, it excludes those forms of beta-cell destruction for which a specific cause can be
found (e.g., cystic fibrosis, pancreatitis, pancreatic cancer). [2] Type 2 diabetes results from defects
in both insulin secretion and insulin action.Type 2 diabetes is not covered in this review. Population:
For the purpose of this review, we have included adolescents and adults with type 1 diabetes, but
have excluded pregnant women and people who are acutely unwell: for example, after surgery or
MI.

INCIDENCE/
PREVALENCE

The prevalence of type 1 diabetes is 0.02% in people aged 0 to 14 years, and it is estimated that
479,000 people in this age group have type 1 diabetes worldwide, with annual increase in incidence
of 3%. [3]  Each year, 75,000 new cases are diagnosed in this age group. [3]  Although type 1 diabetes
usually accounts for only a minority of the total burden of diabetes in a population, in most resource-
rich countries it is the predominant form of the disease in younger age groups. Nearly a quarter of
people with diabetes come from the European region. [3] There is a worldwide increase in the inci-
dence of childhood diabetes with age of onset shifting to a younger age group. [4] [5] This younger
age at onset means that complications appear at a younger age, and dependence on lifelong insulin
imposes a heavy burden on people as well as on health services.

AETIOLOGY/
RISK FACTORS

Two main aetiological forms of type 1 diabetes are recognised. Autoimmune diabetes mellitus results
from autoimmune-mediated destruction of the beta cells of the pancreas. The rate of destruction
varies, but all people with this form of diabetes eventually become dependent on insulin for survival.
Peak incidence of autoimmune diabetes is during childhood and adolescence, but it may occur at
any age. There is a genetic predisposition, and people with this type of diabetes may have other
autoimmune disorders. [6]  Certain viruses, including rubella, Coxsackie B, and cytomegalovirus,
have been associated with beta-cell destruction. Other environmental factors are probably also
contributory, but these are poorly defined and understood. Idiopathic diabetes (in which the cause
is unidentified) is more common in individuals of African and Asian origin. [2]

PROGNOSIS Untreated, most people with type 1 diabetes, particularly those with autoimmune diabetes mellitus,
will experience increasing blood glucose levels, progressing to ketoacidosis resulting in coma and
death. The course of idiopathic diabetes may be more varied, with some people experiencing
permanent lack of insulin and a tendency to ketoacidosis, although in others the requirement for
insulin treatment may fluctuate. [2]  However, most people with type 1 diabetes require insulin for
survival, and are described as insulin dependent. The long-term effects of diabetes include
retinopathy, nephropathy, and neuropathy. People with diabetes mellitus are also at increased risk
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of CVD, peripheral vascular disease, and cerebrovascular disease. Good glycaemic control can
reduce the risk of developing diabetes-related complications. [7]

AIMS OF
INTERVENTION

To control blood glucose levels; to maximise quality of life; to prevent diabetes-related emergencies,
such as ketoacidosis; to maintain HbA1c levels at optimal level in order to slow disease progression
and reduce risk of microvascular and macrovascular complications; to minimise adverse effects
of treatment.

OUTCOMES Mortality. Long-term outcomes: microvascular, such as development of retinopathy,
nephropathy, and neuropathy, and macrovascular, such as CVD (including cardiac events, stroke,
and peripheral vascular disease). Glycaemic control: change in glycated haemoglobin (e.g., as
measured by HbA1c). Quality of life. Adverse effects: incidence of and mortality from hypogly-
caemia; incidence of and mortality from diabetic ketoacidosis; weight gain; fluid retention; neuropsy-
chological impairment; other adverse effects.

METHODS Clinical Evidence search and appraisal February 2010. The following databases were used to
identify studies for this systematic review: Medline 1966 to February 2010, Embase 1980 to
February 2010, and The Cochrane Database of Systematic Reviews 2010, Issue 1 (1966 to date
of issue). An additional search within The Cochrane Library was carried out for the Database of
Abstracts of Reviews of Effects (DARE) and Health Technology Assessment (HTA). We also
searched for retractions of studies included in the review. Abstracts of the studies retrieved from
the initial search were assessed by an information specialist. Selected studies were then sent to
the contributor for additional assessment, using predetermined criteria to identify relevant studies.
Study design criteria for inclusion in this review were: published systematic reviews of RCTs, cohort
studies, or RCTs and cohort studies, and RCTs in any language, containing >20 individuals of
whom >80% were followed up. There was no minimum length of follow-up required to include
studies, apart from for HbA1c levels, where 3-month follow-up was required. We included studies
described as "open", "open label", or not blinded. We included systematic reviews of RCTs and
RCTs where harms of an included intervention were studied applying the same study design criteria
for inclusion as we did for benefits. In addition we use a regular surveillance protocol to capture
harms alerts from organisations such as the FDA and the MHRA, which are added to the reviews
as required. Measuring glycated haemoglobin using HbA1c is now the standard method for moni-
toring glycaemic control.We have therefore preferentially reported HbA1c as a measure of glycaemic
control. However, some older studies do not report this measure, in which case we have reported
the measure of glycaemic control used. Crossover trials were included only if results were reported
at the end of the initial treatment period before crossover. Educational interventions are defined
as interventions, single or multiple, that provide information, self-management programmes, or
both. Interventions primarily focused on the organisational aspects of delivery of care have been
excluded. Educational interventions for adults and adolescents have been considered separately,
because adolescents are generally acknowledged to have different educational needs from adults,
and poorer glycaemic control. Studies of intensive treatment programmes had to include multiple
daily injections or the use of an insulin pump.To aid readability of the numerical data in our reviews,
we round many percentages to the nearest whole number. Readers should be aware of this when
relating percentages to summary statistics such as relative risks (RRs) and odds ratios (ORs). We
have performed a GRADE evaluation of the quality of evidence for interventions included in this
review (see table, p 22 ).The categorisation of the quality of the evidence (into high, moderate,
low, or very low) reflects the quality of evidence available for our chosen outcomes in our defined
populations of interest. These categorisations are not necessarily a reflection of the overall
methodological quality of any individual study, because the Clinical Evidence population and outcome
of choice may represent only a small subset of the total outcomes reported, and population included,
in any individual trial. For further details of how we perform the GRADE evaluation and the scoring
system we use, please see our website (www.clinicalevidence.com).

QUESTION What are the effects of intensive treatment programmes, psychological interventions, and
educational interventions in adults and adolescents with type 1 diabetes?

OPTION INTENSIVE TREATMENT PROGRAMMES. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Mortality
Compared with conventional treatment We don't know whether intensive treatment is more effective than conventional
treatment at reducing mortality in adults with type 1 diabetes (low-quality evidence).

Long-term outcomes (microvascular)
Compared with conventional treatment Intensive treatment seems to be more effective than conventional treatment
at reducing the risk of retinopathy or retinopathy progression, the risk of neuropathy, and the risk of microabuminuria
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and albuminuria in adults with type 1 diabetes. Intensive treatment seems to be more effective than conventional
treatment at reducing the risk of retinopathy and retinopathy progression in adolescents aged 13 to 17 years with
type 1 diabetes (moderate-quality evidence).

Long-term outcomes (macrovascular)
Compared with conventional treatment Intensive treatment may be more effective than conventional treatment at
reducing the proportion of people with a composite outcome of macrovascular events of any type (including fatal
and non-fatal cardiac events, stroke, and peripheral vascular events) in adults with type 1 diabetes, but we don't
know about adolescents (low-quality evidence).

Glycaemic control
Compared with conventional treatment Intensive treatment seems to be more effective than conventional treatment
at reducing glycosylated haemoglobin levels (measured by HbA1c or other measures) in adults and adolescents
with type 1 diabetes (moderate-quality evidence).

Adverse effects
Compared with conventional treatment Intensive treatment seems to be associated with an increase in severe hypo-
glycaemic events compared with conventional treatment in adults and adolescents with type 1 diabetes. Some
studies found an increase in diabetic ketoacidosis associated with the use of insulin pumps; however, this was in
older studies and was not reported in more contemporary studies using modern pumps (low-quality evidence).

For GRADE evaluation of interventions for diabetes: glycaemic control in type 1, see table, p 22 .

Benefits: Intensive treatment programmes versus conventional treatment:
Adults
We found two systematic reviews. [8] [9] The second review included one large RCT (the Diabetes
Control and Complications Trial [DCCT]), which was published as an initial report and a series of
longer term follow-up reports. [7] [10] [11] [12] [13] [14] [15] [16]

The first review (search date 1991) included 16 RCTs and examined the effects of intensive blood
glucose control on late complications of type 1 diabetes. [8]  Most included RCTs were performed
over 20 years ago (RCTs published between 1979 and 1991), and the duration of follow-up ranged
from 8 to 60 months. Conventional control was achieved by one or two injections of insulin daily
while intensive therapy was achieved by continuous subcutaneous insulin infusion (CSII) or by
multiple injections. The review found that intensive therapy significantly reduced glycosylated
haemoglobin compared with conventional control by the end of the study (glycosylated Hb: difference
–1.4%, 95% CI –1.8% to –1.1%; absolute numbers and number of RCTs included in the analysis
not reported). [8]  Eight RCTs included people with retinopathy, usually non-proliferative or back-
ground in type. Six RCTs ranked or graded the level of retinopathy, and two RCTs used the number
of microaneurysms to assess severity.The review found that intensive therapy significantly reduced
the risk of retinopathy progression compared with conventional control after 2 to 5 years (6 RCTs,
271 people; OR 0.49, 95% CI 0.28 to 0.85; P = 0.011; absolute numbers not reported; results
presented graphically). [8] The review found higher rates of retinopathy in the intensive group at 6
to 12 months, although differences between groups were not significant (OR 2.11, 95% CI 0.54 to
8.31; absolute numbers not reported), and there was significant heterogeneity among RCTs
(P = 0.046). The progression of nephropathy was defined as an increment in urinary albumin ex-
cretion. Most studies included people with normal albumin excretion or microalbuminuria or normal
serum creatinine. The review found that intensive therapy significantly reduced the risk of
nephropathy progression compared with conventional control (7 RCTs, 266 people; OR 0.34, 95%
CI 0.20 to 0.58; P <0001; absolute numbers not reported; results presented graphically). [8]

The second review (search date not reported, 7 RCTs [published between 1983 and 1993], 1800
people with 11,293 person-years of follow-up) examined the effects of intensive control on the in-
cidence of new macrovascular complications (cardiac, cerebrovascular, and peripheral vascular
disease). [9] The review included people with type 1 and 2 diabetes; we have only reported data
pertaining to people with type 1 diabetes here. The review noted that study populations were het-
erogeneous, with a range of mean ages (26–42 years) and duration of diabetes (2.6–20 years) at
baseline. It reported that intensified treatment typically consisted of multiple injection therapy or
CSII using a pump, with intensive self-monitoring of blood glucose. Conventional treatment was
based on one to three injections with or without occasional blood glucose monitoring. One large
RCT (the DCCT) formed the majority of people included in the review (1441/1800 [80%]).The data
from this RCT was analysed as two separate studies based on the presence or absence of baseline
diabetic retinopathy (primary and secondary prevention arms). The review reported on macrovas-
cular end points, which were defined as cardiac events (fatal and non-fatal MI, any type of bypass
graft and PTCA, angina pectoris, congestive heart failure, and death from cardiac disease or sudden
death); stroke (fatal and non-fatal, thrombotic or haemorrhagic); and peripheral vascular disease
(including intermittent claudication, diabetes-related amputation of lower extremity, any type of
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peripheral artery bypass or angioplasty, and death from peripheral arterial disease). The primary
end point was the incidence of fatal or non-fatal macrovascular events of any type. At the conclusion
of the studies, the difference in HbA1c between the intensive and conventional treatment groups
ranged from –20.9 mmol/mol to –5.5 mmol/mol (–1.9% to –0.5%) in favour of the intensive group
(further statistical analysis not reported). The review found that a total of 134 new macrovascular
events of any type were reported. It found that intensive treatment significantly reduced the incidence
rate ratio (IRR) of macrovascular events of any type compared with control (7 RCTs; IRR 0.38,
95% CI 0.26 to 0.56; absolute numbers not reported; results presented graphically). [9]  In subgroup
analysis by type of event, it found that, compared with control, intensive treatment significantly re-
duced the IRR of cardiac events and peripheral vascular events, but not of stroke (cardiac: 6 RCTs
[40 events]; IRR 0.41, 95% CI 0.19 to 0.87; peripheral vascular events: 4 RCT [88 events]; IRR
0.39, 95% CI 0.25 to 0.62; stroke: 2 RCTs [6 events]; IRR 0.34, 95% CI 0.05 to 2.57; absolute
numbers not reported; results presented graphically). [9]  However, the stroke result was based on
a small number of events (6 events in total). The review found no significant difference between
groups in macrovascular deaths (9 deaths in total; IRR 0.89, 95% CI 0.27 to 2.98). [9] The review
noted that people included in the RCTs may not be representative of people with diabetes type 1
in general. Included RCTs enrolled young people, most in their 20s or 30s, who were at low risk
of macrovascular events. [9]

The large RCT included in the second review (the DCCT; 1441 people aged 13–39 years, consisting
of 726 people with no retinopathy at baseline and insulin-dependent diabetes mellitus [IDDM] for
1–5 years [the primary prevention group] and 715 people with very mild to moderate non-proliferative
retinopathy and IDDM for 1–15 years [the secondary intervention group], mean age 27 years, mean
duration of follow-up 6.5 years) was designed to compare the effects of intensive versus conven-
tional diabetes therapy on the development and progression of the early vascular and neurological
complications of diabetes and reported on microvascular outcomes. [7] The intensive therapy reg-
imen was designed to achieve blood glucose values as close to the normal range as possible with
three or more daily insulin injections or treatment with an insulin pump. The dosage was adjusted
according to the results of blood glucose self-monitoring (done at least 4 times daily), dietary intake,
and anticipated exercise, in order to meet preset blood glucose targets. Conventional treatment
consisted of one or two subcutaneous insulin injections daily, daily self-monitoring of urine or blood
glucose, and education about diet and exercise. People in the intensive treatment programme were
seen at the study centre every month, and contacted more frequently by telephone to review and
adjust their treatment; people in the conventional treatment group were seen and examined every
3 months. The RCT found that, compared with conventional treatment, intensive treatment signifi-
cantly reduced glycated haemoglobin (median of all quarterly HbA1 values: 53 mmol/mol [7%] with
intensive treatment regimens v 75 mmol/mol [9%] with conventional treatment; results presented
graphically; P <0.001). [7]

The RCT reported that in people in the primary prevention group who did not have retinopathy at
baseline, intensive therapy significantly reduced the adjusted mean risk for the development of
retinopathy compared with conventional treatment over a mean follow-up of 6 years (defined as a
change of 3 steps or more on fundus photography: rate 1.2 per 100 patient-years with intensive v
4.7 per 100 patient-years with conventional; risk reduction 76%, 95% CI 62% to 85%). [7]  In the
secondary prevention group, intensive therapy significantly slowed the progression of retinopathy
compared with conventional treatment over the study period (progression of retinopathy by 3 steps
or more: rate 3.7 per 100 patient-years with intensive v 7.8 per 100 patient-years with conventional;
risk reduction 54%, 95% CI 39% to 66%), and significantly reduced the development of proliferative
or severe non-proliferative retinopathy and the rate of treatment with photocoagulation (severe
proliferative or non-proliferative retinopathy; rate: 1.1 per 100 patient-years with intensive v 2.4 per
100 patient-years with conventional; risk reduction 47%, 95% CI 14% to 67%; P = 0.011; laser
treatment rate: 0.9 per 100 patient-years with intensive v 2.3 per 100 patient-years with conventional;
risk reduction 56%, 95% CI 26% to 74%; P = 0.002). The RCT reported that in people with pre-
existing retinopathy, intensive control was associated with a transient deterioration of retinopathy
(sustained progression of retinopathy by 3 steps or more) during the first year of the study, but by
36 months, cumulative incidence of retinopathy was lower in the intensive group than in the con-
ventional group until the end of the study (results presented graphically). Clinical neuropathy was
defined as abnormal neurological examination consistent with peripheral sensorimotor neuropathy
plus either abnormal nerve conduction in at least two peripheral nerves or abnormal autonomic
nerve testing. In people in the primary prevention group who did not have neuropathy at baseline,
intensive treatment significantly reduced the appearance of neuropathy compared with conventional
treatment at 5 years (rate: 3.1 per 100 patient-years with intensive v 9.8 per 100 patient-years with
conventional; risk reduction 69%, 95% CI 24% to 87%; P = 0.006). Similarly, in the secondary
prevention group, intensive therapy significantly reduced the appearance of clinical neuropathy
compared with conventional treatment at 5 years (rate: 7.0 per 100 patient-years with intensive v
16.1 per 100 patient-years with conventional; risk reduction 57%, 95% CI 29% to 73%; P <0.001).
Intensive treatment also significantly reduced neuropathy in both primary and secondary prevention
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groups combined (risk reduction 60%, 95% CI 38% to 74%). In the two groups combined (primary
and secondary prevention groups based on presence of baseline retinopathy), the RCT found that
intensive therapy significantly reduced the occurrence of microalbuminuria (urinary albumin excretion
of 40 mg per 24 hours or greater) compared with conventional treatment (risk reduction 39%, 95%
CI 21% to 52%), and significantly reduced albuminuria (urinary albumin excretion 300 mg/24 hours
or greater) compared with conventional treatment (risk reduction 54%, 95% CI 19% to 74%). [7]

Adolescents
The large RCT included in the second review (the DCCT) also included participants aged 13 to 17
years (195 adolescents in total, 125 adolescents with no retinopathy at baseline and IDDM for 1–5
years [the primary prevention group] and 70 adolescents with mild to moderate non-proliferative
retinopathy and IDDM for 1–15 years [the secondary intervention group]), and results for adolescents
at the time of study entry have been published separately. [15]  Participants were randomly assigned
to receive either intensive therapy or conventional therapy and were followed up for a mean of 7.4
years (range 4–9 years). Conventional therapy consisted of one or two daily insulin injections,
once-daily self-monitoring of urinary or blood glucose values, and diet and exercise education. In-
tensive therapy consisted of insulin three or more times daily by injection or external pump, adjusted
by dietary intake, anticipated exercise, or results of self-monitoring (see trial description above).

The RCT found that intensive treatment significantly decreased HbA1c levels compared with con-
ventional treatment (results for study years 0–9 presented graphically; P <0.001). It reported that
a substantial separation of HbA1c levels was seen by 6 to 12 months and this difference was
maintained between the groups throughout the remainder of the trial. [15] The RCT reported that
in the primary prevention group, intensive therapy significantly decreased the risk of having
retinopathy compared with conventional treatment (3-step or greater progression: 3.2 per 100 patient-
years with intensive v 6.3 per 100 patient-years with conventional; risk reduction 53%, 95% CI 1%
to 78%; P = 0.048). [15]  In the secondary intervention group, the RCT found that intensive therapy
significantly decreased the risk of retinopathy progression compared with conventional treatment
(3-step or greater progression: 2.9 per 100 patient-years with intensive v 7.4 per 100 patient-years
with conventional; risk reduction 70%, 95% CI 25% to 88%; P = 0.010) and significantly decreased
the occurrence of microalbuminuria (urinary albumin >40 mg in 24 hours: 6.6 per 100 patient-years
with intensive v 12.7 per 100 patient-years with conventional; risk reduction 55%, 95% CI 3% to
79%; P = 0.042). The RCT found no significant difference between intensive and conventional
treatment in reduction of microalbuminuria in the primary prevention group (risk reduction +10%,
95% CI –70% to +52%; P = 0.745). Only a small number of adolescents in either group had clinical
grade albuminuria (9 people in total; reported as no significant difference between groups; P value
not reported). The number of participants in whom clinical neuropathy developed was small and
the treatment group differences were not significant (3 people with intensive v 7 people with con-
ventional; reported as no significant difference; P value not reported). However, motor and sensory
nerve conduction velocities were significantly slower in conventionally treated than in intensively
treated adolescents at 5 years (median motor, P <0.003; median sensory, P = 0.04; peroneal,
P <0.001; sural, P <0.004). [15]

Harms: Intensive treatment programmes versus conventional treatment:
Adults
The first review reported that only 6 RCTs provided combinable data on severe hypoglycaemia. [8]

The review found no significant difference between groups in severe hypoglycaemic reactions, al-
though rates were higher among intensively treated people (6 RCTs; difference +9.1 episodes per
100 person-years, 95% CI –1.4 episodes per 100 person-years to +19.6 episodes per 100 person-
years; absolute numbers not reported).The review found that the incidence of diabetic ketoacidosis
was significantly higher in people treated with continuous subcutaneous insulin infusion (CSII) than
in those treated conventionally (3 RCTs; difference 12.6 episodes per 100 person-years, 95% CI
8.7 episodes per 100 person-years to 16.5 episodes per 100 person-years; absolute numbers not
reported). [8]  Data on diabetic ketoacidosis were not provided in people treated with multiple injec-
tions. It should be noted that RCTs included in the analysis were old (published before 1991) and
such an increase in rate of diabetic ketoacidosis was not seen in more recent trials of insulin pump
therapy (see harms of continuous subcutaneous insulin infusion compared with multiple daily
subcutaneous insulin injection, p 16 ).

The second review did not report on harms. [9]

The large RCT (the DCCT) included in the second review reported on adverse effects. [7] The RCT
found that intensive treatment significantly increased the occurrence of severe hypoglycaemia
compared with conventional treatment (severe hypoglycaemia in which assistance was required
in the provision of treatment: 62 episodes per 100 patient-years with intensive treatment v 19
episodes per 100 patient-years with control treatment; P <0.001). The RCT reported that this in-
cluded 16 episodes of coma or seizure per 100 patient-years in the intensive group and 5 episodes
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of coma or seizure per 100 patient-years in the conventional group (statistical analysis between
groups not reported). The RCT reported that there were two fatal motor vehicle accidents, one in
each group, in which hypoglycaemia may have had a causative role. The RCT found no significant
difference between intensive and conventional treatment in diabetic ketoacidosis (2.0 episodes
per 100 patient-years with intensive treatment v 1.8 episodes per 100 patient-years with conven-
tional treatment; P >0.7). [7]  Over a 9-year study period, the RCT found an excess weight gain of
4.75 kg with intensive treatment compared with conventional treatment, with about half the excess
weight gain occurring in the first year (3.3 kg weight gain with intensive treatment v 1.2 kg weight
gain with control treatment; P <0.0001). [17]

We found a further systematic review (search date 1995, 14 RCTs, 1028 adults with intensive
treatment and 1039 adults with conventional treatment), which included the DCCT above, and
which conducted a meta-analysis of adverse effects of intensive treatment in people with type 1
diabetes. [18] The review found that, compared with conventional treatment, intensive treatment
significantly increased the risk of hypoglycaemia (1 or more episodes of severe hypoglycaemia:
14 RCTs, 2067 people; OR 2.99, 95% CI 2.45 to 3.64; P <0.0001). It also found that intensive
treatment significantly increased the risk of diabetic ketoacidosis compared with conventional
treatment (14 RCTs, 2067 people; OR 1.74, 95% CI 1.27 to 2.38; P = 0.0003), but this was largely
because of an increased risk of diabetic ketoacidosis in those RCTs involving intensive treatment
with insulin pumps. It should be noted that RCTs included in the analysis were old (published be-
tween 1983 and 1995) and such an increase in rate of diabetic ketoacidosis was not seen in more
recent trials of insulin pump therapy (see harms of continuous subcutaneous insulin infusion com-
pared with multiple daily subcutaneous insulin injection, p 16 ). The review found no significant
difference in the incidence of diabetic ketoacidosis between intensive treatment and conventional
treatment in RCTs involving multiple insulin injections (1 RCT; OR 1.13, 95% CI 0.15 to 8.35;
P = 0.09). The review noted that this result was based on one RCT, but there were three additional
RCTs with no events both in people treated with multiple daily injections and people treated with
conventional treatment. The review found no significant difference between groups in all-cause
mortality (14 RCTs, 2067 people; OR 1.40, 95% CI 0.65 to 3.02; P = 0.39). [18]

For adverse effects of insulin pumps, see harms of continuous subcutaneous insulin infusion
compared with multiple daily subcutaneous insulin injection, p 16 .

Adolescents:
The large RCT (DCCT) included in the second review found that, similar to the overall analysis of
all people in the RCT, that people aged 13 to 17 years experienced a nearly threefold increase in
episodes of severe hypoglycaemia with intensive treatment than with conventional control (all severe
hypoglycaemic events requiring assistance; rate: 85.7 events per 100 patient-years with intensive
treatment v 27.8 events with conventional treatment; RR 2.96, 95% CI 1.90 to 4.62; P <0.001). [15]

These events included 26.7 episodes per 100 patient-years of coma or seizure with intensive
treatment and 9.7 episodes per 100 patient-years of coma or seizure with conventional treatment
(RR 2.93, 95% CI 1.75 to 4.90; P <0.001). The RCT found that there was no significant difference
between groups in the event rates for diabetic ketoacidosis (2.8 episodes per 100 patient-years
with intensive treatment v 4.7 episodes per 100 patient-years with conventional treatment; RR 0.62,
95% CI 0.32 to 1.23; P = 0.174). [15]

Comment: Clinical guide:
The RCT (Diabetes Control and Complications Trial [DCCT]) included in the second review is
widely accepted as the "gold standard" RCT demonstrating that tight glycaemic control is of long-
term benefit in people with type 1 diabetes. [7]  Patients in the intensive group also received frequent
follow-up and blood glucose monitoring — meaning that improvements in glycaemic control cannot
be attributed solely to the effects of intensified insulin treatment. Most intensive interventions to
improve glycaemic control are likely to involve modification of treatment, as well as patient education
and training in self-management. The most notable drawback of intensification of treatment is in-
creased risk of hypoglycaemia with a threefold increase in incidence of severe hypoglycaemia in
the intensive arm of the DCCT. However, during the DCCT, there was no formal structured patient
education programme, and insulins used in multiple daily injection or continuous subcutaneous
insulin injection (CSII) in the intensively treated group were human insulins rather than modern insulin
analogue. The DCCT did not find any difference in quality of life for intensively treated people
compared with those receiving conventional treatment.

There have been several observational studies originating from the DCCT that have looked at long-
term effects (so-called "legacy effect" or "metabolic memory") of intensive treatment. Data from
the observational Epidemiology of Diabetes Interventions and Complications (EDIC) study, a long-
term follow-up report of the DCCT, suggest that intensive diabetes treatment has long-term bene-
ficial effects on the risk of CVD. [10]  At the end of the DCCT, the conventional treatment group was
offered intensive treatment, and all participants returned to their own healthcare providers for dia-
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betes care. During the mean 17 years of follow-up, the EDIC study found that intensive treatment
reduced the risk of any CVD events by 42%, and the risk of non-fatal MI, stroke, or death from
CVD by 57%. [10]  Data from the same follow-up study found that, 6.5 years after the DCCT, the
former intensive group of the DCCT had a significantly lower prevalence of neuropathy compared
with the conventional group, based on a positive questionnaire (neuropathy assessed by Michigan
Neuropathy Screening Instrument: 1.8% with intensive v 4.7% with conventional; P = 0.003) or
based on clinical examination (18% with intensive v 28% with conventional; P <0.0001). [11]  Further
studies have found a 59% reduction in the odds for development of new cases of microalbuminuria
after 7 to 8 years, [12]  a 31% reduction of the risks of incident cardiac autonomic neuropathy after
13 to 14 years, [13]  and a 24% reduction of the risk of incident hypertension after 15 years [14]  in
people assigned to the intensive arm of the DCCT. Similar long-term benefits in the intensive
treatment group of the adolescent group were also seen with regards to worsening of retinopathy
and of progression to proliferative or severe non-proliferative retinopathy after 4 years of follow-up
at the end of the DCCT. [16]

One of the main challenges of contemporary diabetes care is to achieve tight glycaemic control
without increasing the risk of hypoglycaemia. Structured patient education, modern insulin analogues,
insulin pump therapy, and continuous glucose monitoring could all be valuable tools in reducing
the risk of hypoglycaemia in an individual person. There is a need for further studies to improve
our understanding of how best to combine these therapeutic options, and to demonstrate that tight
glycaemic control could be achieved without increasing the risk of hypoglycaemia.

OPTION EDUCATIONAL INTERVENTIONS. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Glycaemic control
Compared with usual care/control Immediate insulin dose adjustment training to enable dietary freedom (Dose Ad-
justment for Normal Eating [DAFNE] training) may be more effective than waiting list control at improving HbA1c
levels at 6 and 12 months in adults with type 1 diabetes, but we don't know about other educational interventions.
We don't know whether educational interventions are more effective than control at reducing glycated haemoglobin
in adolescents (mean age range 9–14.5 years) with type 1 diabetes (low-quality evidence).

Quality of life
Compared with usual care/control Immediate insulin dose adjustment training to enable dietary freedom (DAFNE
training) may be more effective at improving quality of life (measured by Diabetes Quality Of Life [DQOL]) at 6 months
in adults with type 1 diabetes, but we don't know about other educational interventions. Educational interventions
may be more effective than control at improving some psychosocial outcomes (including quality of life measures) in
adolescents with type 1 diabetes (very low-quality evidence).

For GRADE evaluation of interventions for diabetes: glycaemic control in type 1, see table, p 22 .

Benefits: Educational interventions versus usual care/control:
Adults
We found one systematic review (search date 2002), [19]  which identified one RCT, [20]  and two
subsequent RCTs of education for individuals. [21] [22]

The RCT identified by the review found no significant difference in HbA1c levels at 18 months be-
tween education in self-monitoring of blood glucose, self-management education, or usual care (1
RCT, 37 adults, aged over 17 years, attending an outpatient clinic; mean reduction in HbA1c:
23.1 mmol/mol [2.1%] with education plus blood glucose self-monitoring v 22.0 mmol/mol [2.0%]
with blood glucose self-monitoring alone v 22.0 mmol/mol [2.0%] with education alone v
8.8 mmol/mol [0.8%] with usual care; reported as "did not differ significantly between any of the
groups"; P value not reported). [20] The RCT was incompletely reported, and may have been un-
derpowered to detect clinically important differences. [20]

The first subsequent RCT compared immediate insulin dose adjustment training to enable dietary
freedom ([Dose Adjustment for Normal Eating [DAFNE] training) versus a waiting list control group
attending insulin dose adjustment training 6 months later. [21]  DAFNE training consisted of a 5-day
training course providing people with the skills to match insulin dose to desired carbohydrate intake
on a meal-by-meal basis. The RCT found that, compared with delayed training in insulin dose ad-
justment to enable dietary freedom, immediate insulin dose adjustment training significantly improved
HbA1c levels and led to a small improvement in diabetes-dependent quality of life at 6 months,
which was maintained at 1 year (1 RCT, 169 adults with type 1 diabetes and moderate or poor
glycaemic control defined as HbA1c 59–106 mmol/mol [7.5–12%], mean age 40 years; improvement
in HbA1c at 6 months: mean difference between groups 11 mmol/mol, 95% CI 5.5 mmol/mol to
15.4 mmol/mol [1.0%, 95% CI 0.5% to 1.4%]; P <0.0001; improvement in HbA1c at 12 months:
mean difference between groups 5.5 mmol/mol, 95% CI 2.5 mmol/mol to 9.9 mmol/mol [0.5%, 95%
CI 0.2% to 0.9%]; P = 0.001; mean difference between groups in Diabetes Quality Of Life [DQOL]
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scale at 6 months: +0.4, 95% CI –0.1 to +0.9; P <0.01; at 12 months: quantitative values not reported;
on the DQOL scale, possible scores range from –9 = maximum negative impact of diabetes to
+9 = maximum positive impact of diabetes). [21]

The second subsequent RCT (117 people, mean age 41 years, duration of diabetes about 19
years) compared the effectiveness of a brief (2.5 days) educational intervention (Brief Intervention
in Type 1 diabetes, Education for Self-efficacy; BITES) versus usual clinic-based diabetes care.
[22] The study intervention was delivered over a 6-week period facilitated by a specially trained di-
abetes nurse and a specialist diabetes dietician in 6 groups of 8 to 10 participants and covered
three educational themes: understanding carbohydrates and diet; understanding insulin adjustment;
and giving people skills and confidence to self-manage diabetes. In addition to providing skills
training to match insulin to carbohydrate content, the study intervention also included the use of
some cognitive behavioural techniques. This is by contrast with two previously reported RCTs, in
which no such psychological component was included (for interventions that are predominantly
psychological in nature, see psychological interventions, p 10 ). The RCT found no significant dif-
ference between the BITES intervention and usual care in HbA1c at 3 months (difference
+0.11 mmol/mol, 95% CI –2.2 mmol/mol to +2.3 mmol/mol [+0.01%, 95% CI –0.23% to +0.26%];
P = 0.92), at 6 months (difference –0.66 mmol/mol, 95% CI –3.4 mmol/mol to +2.2 mmol/mol
[–0.06%, 95% CI –0.32% to +0.20%]; P = 0.67), or at 12 months (difference +0.11 mmol/mol, 95%
CI –3.3 mmol/mol to +3.4 mmol/mol [+0.01, 95% CI –0.30 to +0.32]; P = 0.94). Some quality of life
indicators such as "treatment satisfaction", "managing psychological aspects", and "setting and
achieving goals" improved with the BITES intervention compared with usual care, although there
was no significant difference between groups in short form-36 physical health or mental health
scores at 3, 6, or 12 months (all P values > 0.05). [22]

Adolescents
We found one systematic review (search date 1999), [23]  which evaluated the effects of different
educational and psychosocial interventions in adolescents with type 1 diabetes. The systematic
review included studies using different measurements for glycated haemoglobin levels and quality
of life. [23]  Most of the RCTs identified by this systematic review were small studies, lacking sufficient
power to detect small to medium effect sizes. They were characterised by a wide variety of inter-
ventions and a lack of standardised or validated outcome measures. The control groups in the
analysis included usual care, no intervention, an intensive management group without coping skills
training (compared with intensive management group with skills training), and a game to play with
no health message (compared with a game to play with a diabetes health message). The authors
of this review conducted meta-analyses using effect sizes giving a pure number free of the original
measurement unit. The authors stated that, in the behavioural sciences, effect sizes of about 0.2
would be considered small, 0.5 to be medium, and those >0.8 to be large. The review reported
psychosocial outcomes, which included quality of life, but also other outcome measures including
self-efficacy for diabetes, measures of family climate or conflict, and diabetes-specific stress. The
review found that, compared with controls, educational interventions produced a small improvement
in psychosocial outcomes (8 RCTs, data on total number of people and age range not available;
mean effect size 0.37, 95% CI 0.19 to 0.55). The review also found that, compared with controls,
educational interventions reduced glycated haemoglobin (12 RCTs, 573 adolescents, mean age
range 9.0–14.5 years; mean effect size +0.33, 95% CI –0.04 to +0.70, equivalent to a reduction in
HbA1c of 6.6 mmol/mol [0.6%]; P value not reported). [23] There was significant statistical hetero-
geneity between included RCTs. A sensitivity analysis removing two large RCTs found a smaller
effect size (mean effect size +0.08, 95% CI –0.10 to +0.26).

Harms: Educational interventions versus usual care/control:
Adults
The RCT identified by the systematic review [19]  did not report any data on the incidence of hypo-
glycaemia, diabetic ketoacidosis, or all-cause mortality for education in self-monitoring of blood
glucose, self-management education, or usual care. [20] The first subsequent RCT comparing im-
mediate insulin dose adjustment training to enable dietary freedom (DAFNE training) versus a
waiting list control group attending insulin dose adjustment training 6 months later found no signif-
icant difference between the two groups in the perceived frequency of hypoglycaemia (1 RCT, 169
adults with type 1 diabetes and moderate or poor glycaemic control defined as HbA1c 59 mmol/mol
to 106 mmol/mol [7.5% to 12.0%], mean age 40 years; mean difference in perceived hypoglycaemia
score –0.23, 95% CI –0.68 to +0.21; P = 0.31, on a scale of 0–6, where higher scores indicate a
higher perceived frequency of hypoglycaemia). [21] This RCT did not report on other outcomes of
interest. The second subsequent RCT found no significant difference between groups in severe
hypoglycaemia at 12 months (severe episodes per participant per year: 0.41 with educational inter-
vention v 0.48 with control; difference –0.05, 95% CI –0.61 to +0.50; P = 0.85). [22] We found one
further follow-up of an RCT of a cohort of 636 people who had participated in a 5-day structured
inpatient diabetes education programme, which found a significant reduction in HbA1c and risks
of severe hypoglycaemic episodes after 6 years compared with baseline (baseline to 6 years: mean
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HbA1c, 67 mmol/mol to 60 mmol/mol [8.3% to 7.6%]; P <0.001; severe hypoglycaemia, 0.28 cas-
es/person/year to 0.17 cases/person/year; P <0.05). [24]

Adolescents
The systematic review gave no information on adverse effects. [23]

Comment: Clinical guide:
General: Structured patient-education programmes are pivotal to achieving tight glycaemic control
with an acceptable amount of hypoglycaemia. However, there is a dearth of high-quality published
studies, and all the RCTs cited are based upon the Diabetes Teaching and Training Programme,
which was developed in Düsseldorf (including Dose Adjustment for Normal Eating [DAFNE]).These
programmes are characterised by a set curriculum, a trained healthcare delivery team, and adult
learning principles, with a robust quality assurance, including educator peer review and audit. The
curriculum is based on carbohydrate counting, and on a basal bolus insulin regimen. At present,
there is no uniform follow-up programme after attendance on a DAFNE course, and it would be
helpful to have an RCT looking at the impact of structured DAFNE follow-up. The follow-up of an
RCT suggested some slippage in glycaemic control by 6 years, [24]  and it is likely that a skills-
maintenance programme is required following initial attendance on a DAFNE course. In the UK,
the Department of Health has recommended that every Primary Care Trust offers structured edu-
cation for people with type 1 diabetes. Department of Health and NICE guidelines mention that the
DAFNE may be a suitable structured education model. [25] [26]

OPTION PSYCHOLOGICAL INTERVENTIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . New

Glycaemic control
Compared with control We don't know whether psychological interventions are more effective than control at improving
glycaemic control in adults and adolescents with type 1 diabetes. However, evidence was weak and results varied
by the specific intervention used (very low-quality evidence).

Quality of life
Compared with control Psychological interventions may be more effective than control at improving some psycholog-
ical outcome measures in adults and adolescents with type 1 diabetes. However, evidence was very weak, inconsistent,
varied by the specific intervention used, and also varied by the specific outcome measures used (very low-quality
evidence).

For GRADE evaluation of interventions for diabetes: glycaemic control in type 1, see table, p 22 .

Benefits: Psychological interventions versus control:
Adults
We found one systematic review [27]  and 5 subsequent RCTs in 6 reports [28] [29] [30] [31] [32]

[33]  looking at a variety of psychological interventions in adults with type 1 diabetes.

The systematic review (search date 2004) included RCTs in children/adolescents or adults with
type 1 diabetes that evaluated the effect of psychological interventions on long-term glycaemic
control (including HbA1c, HbA1, and glycated haemoglobin measurements made by different
methods) and a continuous measure of psychological distress. [27] We have only reported data on
adults here. The review included both published and unpublished RCTs, and categorised psycho-
logical interventions into 4 groups: supportive or counselling therapy, CBT, psychoanalytically in-
formed therapies, and family systems therapy. Delivery was defined as individual, group, or family,
and the review included RCTs where the control group was non-psychological (usual care, education,
attention control, waiting list).The review identified 13 RCTs in adults. All but two RCTs had sample
sizes <100 people. Participants included people with suboptimal glycaemic control, new onset dia-
betes, complications, and obesity, and the interventions included CBT (9 RCTs), psychoanalytical
techniques (2 RCTs), and counselling (2 RCTs). The mean duration of diabetes was 14.1 years
with a mean follow-up of 7.2 months. The review found no significant difference between psycho-
logical interventions and control in the percentage of glycated haemoglobin (standardised effect
size: 11 RCTs, 516 people; effect size –0.17, 95% CI –0.45 to +0.10; absolute reduction in glycated
haemoglobin: +0.22%, 95% CI –0.13% to +0.56%). There was significant heterogeneity among
RCTs in the analysis (P = 0.002). The review did not explain the heterogeneity. As part of a sensi-
tivity analysis restricting the psychological intervention to group CBT, the review found no significant
difference between groups in the percentage of glycated haemoglobin (standardised effect size
+0.02, 95% CI –0.41 to +0.44; P = 0.95; absolute numbers not reported). The review found no
significant difference between groups in measures of psychological distress (6 RCTs; standardised
effect size –0.25, 95% CI –0.51 to +0.01; absolute numbers not reported). [27]

The first subsequent RCT (94 people, mean age 41.2 years, mean HbA1c 70 mmol/mol [8.5%],
type 1 diabetes for at least 2 years) compared a CBT-based intervention versus control in people
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with poorly controlled diabetes. [28]  CBT was delivered mainly in the group format, combined with
elements of necessary individualisation. A structured manual, incorporating all the sessions, was
developed.The CBT intervention consisted of a basic intervention programme (weeks 0–8), where
the main purpose was to map the participants' own behaviours using a logbook of daily self-register,
and teach them different tools suitable for working towards behaviour change, as well as a structured
maintenance programme (weeks 9–48), where the main focus was on maintaining the behaviour
changes achieved and on tackling future risk of relapses.The control group had initial assessments
and information on continuous glucose monitoring, but otherwise received usual care. The RCT
reported that the psychological intervention significantly improved HbA1c compared with control
at all time points over the course of the study (HbA1c levels based on adjusted means; 8 weeks:
difference –7.2 mmol/mol, 95% CI –10.8 mmol/mol to –3.9 mmol/mol [–0.67%, 95% CI –0.97% to
–0.36%]; 24 weeks: difference –10.3 mmol/mol, 95% CI –5.6 mmol/mol to –14.9 mmol/mol [–0.94%,
95% CI –1.36% to –0.51%]; 48 weeks: difference –5.4 mmol/mol, 95% CI –9.6 mmol/mol to
–1.2 mmol/mol [–0.49%, 95% CI –0.87% to –0.11%]). The RCT reported that the psychological
intervention significantly improved wellbeing (P <0.05), diabetes-related distress (P <0.01), perceived
stress, anxiety, and depression (all P <0.05). It is important to note that only 32% of the eligible
patients screened agreed to participate in this study. Although 94 people were randomised, baseline
data were reported for 74 people, 69 people completed the intervention at 48 weeks, and results
were based on 74/94 (79%) people initially randomised. [28]  Hence, results should be viewed with
caution.

The second subsequent RCT compared nurse-delivered motivational therapy plus usual care,
motivational therapy plus CBT plus usual care, and usual care alone. [29] The RCT included 344
adults with at least a 2-year history of type 1 diabetes (average baseline HbA1c, 80 mmol/mol
[9.4%]). A diabetes-specific motivational enhancement therapy manual was developed and the
participants were offered 4 individual face-to-face sessions of 50 minutes each. For people in the
CBT arm, this was followed by 8 sessions of CBT over 4 months.The primary outcome was change
in HbA1c at 1 year, and the RCT performed an intention-to-treat analysis. The RCT found that
motivational therapy plus CBT significantly improved HbA1c compared with usual care at 1 year
(HbA1c, estimated mean difference –5.0 mmol/mol, 95% CI –8.9 mmol/mol to –1.2 mmol/mol
[–0.46%, 95% CI –0.81% to –0.11%]). It found no significant difference between motivational
therapy alone and usual care at 1 year (HbA1c, estimated mean difference –2.1 mmol/mol, 95%
CI –5.8 mmol/mol to +1.7 mmol/mol [–0.19%, 95% CI –0.53% to +0.16%]). It found no significant
difference between either intervention group and usual care in diabetes quality of life score (satis-
faction subscale [range 1–5]: motivational therapy plus CBT v usual care, mean difference +0.04,
95% CI –0.10 to +0.18; motivational therapy alone v usual care, mean difference –0.08, 95% CI
–0.20 to +0.05). [29]

The third subsequent RCT (107 people) compared CBT versus blood glucose awareness training
(BGAT) in people with poorly controlled type 1 diabetes. [30]  Eighty-six people with HbA1c of
64 mmol/mol (8%) or more were analysed who had a mean duration of diabetes of 18 years. The
RCT reported that between 6 and 12 months' follow-up, no significant changes were observed in
HbA1c in either group (further numerical details and statistical analysis not reported). It found no
significant difference between groups in psychological outcomes (Problem Areas In Diabetes scale
[PAID], P = 0.99 at 6 months, P = 0.68 at 12 months; Centre for Epidemiological Studies–Depression
scale [CES-D], P = 0.74 at 6 months, P = 0.19 at 12 months; Confidence in Diabetes Self-care
scale [CIDS], P = 0.73 at 6 months, P = 0.30 at 12 months). [30] These results were based on
86/107 (80%) of people initially randomised. An earlier report of this RCT had reported outcomes
at 3 months. [32] The RCT found that HbA1c was significantly reduced in the CBT group compared
with the control group at 3 months (P = 0.03), but found no significant difference between groups
in psychological outcomes (PAID, P = 0.79; CES-D, P = 0.76; CIDS, P = 0.95). [32]

The fourth subsequent RCT (138 people) compared BGAT versus a self-help control. [31] The
BGAT training was delivered by a physician–psychologist team to groups of 5 to 12 people in 8
sessions at weekly intervals, focusing on internal clues, disruptions in cognitive and motor perfor-
mance, and mood changes, as well as exogenous factors such as previous insulin injections, food
consumption, and physical exercise. The self-help group was guided by one physician and 5 to 12
participants had three monthly sessions. The RCT found no significant difference between BGAT
and control in HbA1c (P = 0.94). [31]  Results were based on 103/138 (75%) people initially ran-
domised.

The fifth subsequent RCT (32 people, HbA1c 105 mmol/mol [11.9%]) compared the effects of
cognitive analytic therapy (CAT; 16 sessions) versus control (diabetes specialist nurse education;
14–18 sessions). [33]  In total, 26/32 (81%) people completed the trial.The RCT found no significant
difference between groups in mean HbA1 values at the end of the intervention (P = 0.60), 3 months
after the intervention (P = 0.98), or 9 months after the intervention (P = 0.20). The RCT found no
significant differences between groups at the end of treatment, at 3 months, or at 9 months, in
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mean diabetes knowledge values (based on Charing Cross Diabetes Knowledge questionnaire)
or psychological issues (measured by Inventory of Interpersonal Problems and semi-structured
interview; all P values >0.05). [33] Of an initial 50 people who were asked to take part in the study,
32 (64%) accepted.

Adolescents
It should be noted that some educational interventions also include a psychological component
(see educational interventions, p 8 ).

The systematic review reported above, which reported data on children, adolescents, and adults,
did not report data for adolescents alone. [27] We have therefore not reported it further here.

We found one further systematic review (search date 1999) [23]  and 6 subsequent RCTs in 7 reports
[34] [35] [36] [37] [38] [39] [40] looking at a variety of psychological interventions in adolescents with
type 1 diabetes. We have previously discussed the systematic review [23]  under educational inter-
ventions, p 8 , as this review combined both educational and psychological interventions. It should
be noted that some educational interventions also include a psychological component. In this
section we have reported those interventions that are predominantly psychological in character.

The first subsequent RCT (81 people, aged 11–16 years, mean duration of diabetes 7.7 years)
compared a diabetes personal trainer intervention (consisting of 6 self-monitoring, goal-setting,
and problem-solving sessions with trained non-professionals; 41 people) versus usual care (40
people) and reported long-term outcomes at 2 years. [34]  Randomisation was stratified by age
(11–13 years or 14–16 years) and by diabetic control (HbA1c <64 mmol/mol [<8.0%] or
>64 mmol/mol [>8.0%]). In the intervention group, a structured problem-solving process based on
the principles of motivational interviewing and applied behavioural analysis was used to improve
areas of diabetes management difficulty identified by the participants. Trained professionals con-
ducted 6 in-person semi-structured sessions over a 2-month period. These sessions were supple-
mented by telephone calls.The RCT found that the psychological intervention significantly improved
HbA1c compared with usual care at 2 years (68 mmol/mol [8.43%] with intervention v 74 mmol/mol
[8.93%] with control; P = 0.05; ANCOVA adjusted for age and baseline HbA1c). Subgroup analysis
by age revealed a greater effect among older rather than younger people (ages 11–13 years, 40
people; reported as not significant; P value not reported; age 14–16 years, 38 people; 8.46% with
intervention v 9.61% with control; P = 0.011). [34]

The second subsequent RCT evaluated the revised Behavioural Family Systems Therapy for Dia-
betes (BFST-D) intervention on parent–adolescent communication. [35]  BFST-D included problem-
solving training, cognitive restructuring, communication training, and functional-structural family
therapy. Families of 104 adolescent patients with diabetes were randomised to one of three groups
for 6 months: standard care, an educational support group (usual care plus 12 multifamily sessions
for education and social support), or BFST-D (12 sessions). The RCT found that BFST-D was
significantly superior to standard care (10 of 12 comparisons) and the educational support group
(6 of 12 comparisons) at improving the quality of family interaction. Also, improved individual
communication between adolescents and mothers was noted with BFST-D. However, a similar
change was not noted with fathers.There were no significant differences between groups in adher-
ence or family conflict. The RCT did not directly compare changes in HbA1c between groups. [35]

The third subsequent RCT (91 adolescents, mean age about 14.8 years, duration of diabetes
6.2–7.2 years, HbA1c 71–73 mmol/mol [8.6–8.8%]) examined the impact of a health-related quality
of life (HRQoL) intervention compared with usual care on the behavioural outcome of adolescent
type 1 diabetes patients. [36] The HRQoL intervention included monitoring the HRQoL right before
the 3-month appointment with the clinician and discussion of the HRQoL scores with the teenager
during the appointment.The Child Health Questionnaire was used to assess physical and psychoso-
cial wellbeing. When followed up at 1 year, participants in the HRQoL group reported significantly
fewer behavioural problems, improved self-esteem and mental health, and increased participation
in family activities. However, these were baseline analyses. The RCT reported that "no differences
over time between the two groups on Physical Health, family conflicts (Diabetes-Specific Family
Conflict Scale [DFCS]), or depression (CES-D) were observed". The RCT found no significant dif-
ference between groups in HbA1c levels (69 mmol/mol [8.4%] with HRQoL intervention v
68 mmol/mol [8.3%] with control; P = 0.54). [36]

The fourth subsequent RCT studied the impact of multi-systemic therapy on adolescents with
poorly controlled diabetes [37]  and included a follow-up report. [38]  A total of 127 adolescents (aged
10–17 years, mean age 13.2 years, HbA1c 95.0–95.7 mmol/mol [11.03–11.69%] depending on
group) with type 1 diabetes for at least 1 year were randomised to multi-systemic therapy (6 months
of home and community-based psychotherapy plus standard care; 64 people) or a control group
(standard care only; 63 people). Therapy was targeted at adherence-related problems within the
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family and broader community systems. All families received quarterly visits from a multidisciplinary
diabetes team. Hospital admission rates were analysed at 6-monthly intervals for 2 years. The
RCT found no significant difference between groups in HbA1c (–7.3 mmol/mol [–0.68%] with inter-
vention v 1.0 mmol/mol [+0.09%] with control; P <0.10). In a subgroup analysis by whether the
participant was in a single- or two-parent home, the RCT found that glycaemic control was not
significantly improved in two-parent homes (P value not reported), but was significantly improved
in single-parent homes (P = 0.03). [37] The RCT found no significant difference between groups in
family relationships (Family Relationship Index: 0.16 with intervention v 0.09 with control; reported
as not significant; P value not reported). In subgroup analysis, the RCT reported that the intervention
improved family relationships in adolescents in two-parent families (P = 0.01) but not in single-
parent families (P = 0.18). [37]  A follow-up report of the RCT found that multi-systemic therapy
significantly reduced hospital admissions for diabetic ketoacidosis compared with control over 2
years (P = 0.019; absolute numbers not reported; results presented graphically). [38]

The fifth subsequent small RCT (31 people, mean age 13.5–14.2 years, glycohaemoglobin
17.0–17.4%) compared multi-systemic therapy versus standard care, and found that the intervention
significantly reduced the number of inpatient admissions (P <0.01), but found no significant difference
between the groups in the number of emergency room visits (reported as not significant; P value
not reported). [39]  It did not report on other outcomes of interest.

The sixth subsequent RCT (80 people, mean age about 15.4 years, mean duration of diabetes
about 9.1 years) compared motivational interviewing versus control in teenagers with type 1 diabetes.
[40]  Motivational interviewing used the "menu of strategies" approach eliciting views and then ex-
ploring discrepancies between beliefs and behaviour. To control for the effect of additional contact,
the control group received support visits.The RCT found that the psychological intervention signif-
icantly improved HbA1c levels at 1 and 2 years (1 year, P = 0.04; 2 years, P = 0.003). However,
these data were based on 47/80 (59%) people initially randomised who had complete data. The
RCT reported that the patterns of change were similar to those seen when all participants' data,
including those with incomplete data, were analysed, but it did not present any further data. Hence,
these results should be interpreted with caution. The RCT found that some of the secondary out-
comes measured, such as positive wellbeing (measured by Well-Being Questionnaire [WBQ],
P <0.001), quality of life (measured by DQOLY, P <0.001), and differences in personal models of
illness (measured by Personal Models of Diabetes Questionnaire [PMDQ], P <0.001), were signif-
icantly improved at 12 months in the intervention group compared with the control group. [40]

Harms: Psychological interventions versus control:
Adults
The review did not report on adverse effects. [27] The first subsequent RCT found that the CBT-
based intervention significantly increased the incidence of hypoglycaemia compared with control
at 24 and 48 weeks (measured by Diabetes Self Care Inventory; 24 weeks: difference 2.33, 95%
CI 0.46 to 4.21; 48 weeks: difference 2.34, 95% CI 0.01 to 4.66; units not reported). [28]  It reported
that no participants reported severe hypoglycaemia requiring hospital admission, and that one
episode of ketoacidosis requiring hospital admission occurred in the intervention group. [28] The
second subsequent RCT found no significant difference between either intervention group and
usual care in the estimated mean number of severe hypoglycaemia events at 1 year, although
rates were lower in the intervention groups (estimated mean number of reported events lower in
intervention groups compared with usual care group: motivational enhancement plus CBT +0.62,
95% CI –0.38 to +1.61; motivational enhancement alone +0.79, 95% CI –0.17 to +1.76). [29]  It
found no significant difference between either intervention group and usual care in body mass index.
[29] The third subsequent RCT did not report on harms. [30] The fourth subsequent RCT found that
BGAT significantly reduced severe hypoglycaemia at 6 months (P = 0.04) and fear of hypoglycaemia
(P = 0.02) compared with self-help control. [31] The fifth subsequent RCT did not report on adverse
effects. [33]

Adolescents
The first, second, third, fifth, and sixth subsequent RCTs did not report on harms. [34] [35] [36] [39]

[40] The fourth subsequent RCT reported on prevention of diabetic ketoacidosis (see benefits
above), but did not report on other adverse effects. [38]

Comment: The available studies evaluating psychological interventions aimed at improving glycaemic control
in type 1 diabetes have several design limitations. Low study enrolment rates and high withdrawal
rates have limited the sample size and the overall quality of the studies, both in adults and adoles-
cents. Furthermore, some of the studies used usual diabetes care as a comparator. It is unclear
what proportion of improvement is attributable to the psychological intervention per se or what im-
provement is attributable to the increased contact with healthcare professionals.
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Of the many psychological interventions that have been trialled, CBT seems to be superior, but
the improvements in HbA1c were only modest and remained above the targets for good control in
most studies. In adolescents, interventions aimed at improving family relationships were associated
with improvements in glycaemic control and in quality of life. Larger and longer randomised studies
with effective comparator arms may be needed to study the sustainability of the improvement
caused by psychological interventions in glycaemic control and over all quality of life outcomes
among people with type 1 diabetes mellitus.

QUESTION What are the effects of different insulin regimens or frequency of blood glucose monitoring
in adults and adolescents with type 1 diabetes?

OPTION DIFFERENT FREQUENCIES OF BLOOD GLUCOSE SELF-MONITORING . . . . . . . . . . . . . . . .

Glycaemic control
Compared with intermittent monitoring Continuous blood glucose monitoring (allowing real-time insulin adjustments)
may be more effective than home monitoring with a blood glucose meter at improving glycaemic control at 26 weeks
in adults aged 25 years or older who were able to wear and replace a sensor effectively, but we don't know about
in people aged 15 to 24 years (low-quality evidence).

Note
We found no direct evidence from RCTs on the effects of different frequencies of self blood glucose monitoring versus
each other.

For GRADE evaluation of interventions for diabetes: glycaemic control in type 1, see table, p 22 .

Benefits: Different frequencies of self blood glucose monitoring versus each other:
We found no systematic review or RCTs specifically evaluating the effects of different frequencies
of blood glucose self-monitoring in adults or adolescents.

Continuous blood glucose monitoring versus intermittent/conventional monitoring:
Adults and adolescents
We found no systematic review but found two RCTs published in three reports. [41] [42] [43]

The first RCT (322 adults and children, type 1 diabetes for at least 1 year, receiving intensive insulin
therapy, glycated haemoglobin level 7–10%) compared continuous glucose monitoring system
(CGM) versus home monitoring with a capillary blood glucose meter. [41]  Participants were stratified
a priori into three age groups: 25 years or more, 15 to 24 years, and 8 to 14 years. We have only
reported the results for the 15 to 24 years and 25 years and older age groups here. Eligibility for
the study was dependent on the participant's ability to wear and replace a sensor effectively (see
comment below). Both groups were provided with written instructions on how to use the data to
make real-time adjustments of insulin doses and on the use of computer software (for those with
a home computer) to retrospectively review the glucose data to alter future insulin doses. Both
groups had the same target pre-meal glucose values [3.9 mmol/L to 7.2 mmol/L), peak postprandial
values (<10.0 mmol/L), and bedtime or overnight values (5.6 mmol/L to 8.3 mmol/L). The RCT
found that in adults 25 years and older, CGM significantly reduced mean glycated haemoglobin
level compared with home monitoring at 26 weeks (98 people, mean age 41–44 years, about 84%
on insulin pump: mean difference in change –0.53%; 95% CI –0.71% to –0.35%; P <0.001). It
found that CGM significantly increased the proportion of people who achieved the target glycated
haemoglobin level of <7.0% and significantly increased the time within the target glucose range of
3.9 mmol/L to 10 mmol/L at 26 weeks (<7.0% glycated haemoglobin: 17/52 [33%] with CGM v 4/46
[9%] with control; P = 0.005; target range, mean minutes per day, baseline to 26 weeks:
854–986 minutes with CGM v 811–840 minutes with control; P <0.001). In the 15- to 24-year age
group, the RCT found no significant difference between groups in mean glycated haemoglobin
level (110 people, mean age 18.2–18.8 years, 70% on insulin pump: mean difference in change
+0.08, 95% CI –0.17 to +0.33; P = 0.52), or in the proportion of participants achieving the target
glycated haemoglobin level of <7.0% (P = 0.80) or in increasing the time within the target glucose
range of 3.9 mmol/L to 10 mmol/L (P = 0.79). [41]  However, use of the CGM sensor was significantly
greater in people in the 25 years and older age group compared with the other two age groups
(P <0.001; see comment below).

The second RCT (129 adults and children, receiving intensive insulin therapy, about 86% using
pump, baseline HbA1c <53 mmol/mol [<7.0%], 67/129 [52%] aged 25 years or older, 33/129 [26%]
aged 15–24 years, 29/129 [22%] aged 8–14 years) compared continuous (CGM) versus standard
glucose monitoring for 26 weeks. [42]  It was performed by the same research group as the first
RCT and used a similar methodology, including information on how to use the data to make real-
time insulin dose adjustments (see above). Unlike the first RCT, it reported overall results and did
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not present data by individual age group. The RCT included a highly selected group with entry
HbA1c <53 mmol/mol (<7.0%) and with frequent attention to intensive diabetes management,
testing their blood glucose about 7 times a day. The RCT found that CGM significantly reduced
HbA1c compared with control at 26 weeks (from 0 to 26 weeks: 47 mmol/mol to 47 mmol/mol [6.4%
to 6.4%] with CGM v 48 mmol/mol to 51 mmol/mol [6.5% to 6.8%] with control; difference
–3.7 mmol/mol, 95% CI –5.3 mmol/mol to –2.2 mmol/mol [–0.34%, 95% CI –0.49% to –0.2%];
P <0.001). [42]  It should be noted that both groups had tight control at the start of the trial.

We found a further follow-up report, [43]  which reported outcomes at 1 year for people aged 25
years and older who had received CGM and who had been included in both RCTs. [41] [42]  How-
ever, it did not report further outcomes on people in the control group (see comments below).

Harms: Different frequencies of self blood glucose monitoring versus each other:
We found no systematic review or RCTs.

Continuous blood glucose monitoring versus intermittent/conventional monitoring:
Adults and adolescents
The incidence of adverse events was low in both RCTs, and there were no deaths reported in either
RCT. [41] [42] The first RCT found no significant difference in severe hypoglycaemia between
groups (severe hypoglycaemic event, events per 100 person-years: age 25 years or older, P = 0.66;
age 15–24 years, P = 0.64; severe hypoglycaemic episode with seizure or coma: age 25 years or
older, P = 0.85; age 15–24 years, P = 0.14). [41]  However, the study was not powered to detect a
difference in severe hypoglycaemia.The second RCT reported that 7 people (10%) with CGM and
7 (11%) with control had at least one severe hypoglycaemic event, with no significant difference
between groups (further details not reported). [42] The RCT reported that no serious adverse events
were attributable to the study interventions. The RCT found no significant difference between
groups in median time per day with a glucose level of 3.9 mmol/L or lower at 26 weeks (from 0 to
26 weeks: 91 to 54 minutes per day with CGM v 96 to 91 minutes per day with control; P = 0.16).
However, the RCT performed several different statistical tests to account for skewness of data,
and the result was of borderline significance in one of these. The RCT reported that results in the
three prespecified age groups were similar to those in the overall analysis, but did not report any
further data. The RCT found lower median time per day between groups favouring CGM for more
severe definitions of hypoglycaemia, but differences between groups did not reach significance
(from 0 to 26 weeks, 3.3 mmol/L or lower: 40 to 18 minutes per day with CGM v 40 to 35 minutes
per day with control; P = 0.05; from 0 to 26 weeks, <2.8 mmol/L: 7 to 4 minutes per day with CGM
v 9 to 8 minutes per day with control; P = 0.12). However, the RCT performed several different
statistical tests to account for skewness of data, and the result was significant in some of these.
[42]

Comment: Sensor use:
In the first RCT, there was a significant difference in use of sensor in different age groups in people
in the CGM group (results presented graphically, reported as use in 25 years and older group v
other two age groups; P <0.001). [41]  In the CGM group, 83% of people who were 25 years or
older used the sensor at least 6 days a week, compared with 30% who were 15 to 24 years of age,
and 50% who were 8 to 14 years of age. Perhaps, unsurprisingly, the benefit of CGM was only
seen in the group with the highest sensor use. By comparison, the second RCT that recruited a
seemingly highly motivated group of people with type 1 diabetes demonstrated high rates of sensor
use in all the studied age groups (median CGM use: 6.8 days a week in the 25 years or older group
v 6.2 days a week in those aged 15–24 years v 6.4 days a week in those aged 8–14 years; P = 0.07).
[42]  It is also worth noting that both of these studies used all the three CGM devices that are cur-
rently commercially available in the US.

Follow-up of people who had received CGM:
The follow-up study of 83/86 (97%) people aged 25 years or older who had received CGM from
both the RCTs found a significant reduction in mean HbA1c level in people who had had baseline
HbA1c of 53 mmol/mol (7.0%) or more at 12 months (49 people, mean change from 0 to 12 months:
60 mmol/mol to 54 mmol/mol [7.6% to 7.2%]; P <0.001). [43]  It found no significant difference in
people who had had baseline HbA1c 53 mmol/mol (7.0%) or less (34 people, mean change from
0 to 12 months: 47 mmol/mol to 47 mmol/mol [6.4% to 6.4%]; P value not reported). At 12 months,
median CGM use was 6.8 days a week. [43]

Clinical guide:
The first commercially available subcutaneous CGM systems were introduced in 1999. These de-
vices measure the glucose level of the interstitial fluid and are based on the premise that interstitial
glucose levels correlate closely with blood glucose because of diffusion across the capillary wall.
Typically, there is a lag of between 7–15 minutes for the interstitial glucose level to equilibrate with
the capillary levels. The first generation of devices were of the "Holter" type, which recorded the
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interstitial glucose values but needed computer software to analyse and present the glucose data.
These systems were limited to retrospective review of glucose levels. The current generation of
CGM devices are "real-time", with a display of the glucose values available continuously to the
user. These devices are also equipped with various alarm systems to alert the user of rising or
falling glucose levels. In addition, using the software provided with these devices, it is possible to
obtain graphical view of blood glucose over extended periods. This is particularly useful in recog-
nising broad patterns of glucose excursions including overnight variations of blood glucose. The
sensors used in these devices contain glucose oxidase or similar enzymes. In the presence of
these enzymes, glucose is converted to gluconic acid and hydrogen peroxide.The resulting change
in electrical charge produced is directly proportional to the concentration of glucose. The accuracy
of the devices has improved but CGM devices are still not intended to be used on their own, without
adjunctive standard finger-prick blood glucose testing. In addition, these systems need calibration
at prespecified intervals using standard finger-prick blood glucose testing. Currently available
sensors have a life span of 3 to 7 days, after which they need to be replaced.

The studies reported above show that if used appropriately, CGM can be effective at both improving
glycaemic control as well as at reducing hypoglycaemia. However, users of these devices need to
be motivated and prepared to wear the sensor most of the time. They should be able to insert and
replace the sensors and, perhaps most importantly, effectively use the data made available by the
sensors (including use of computer software) to make treatment decisions. It is likely that techno-
logical advancements over the next decade will further improve CGM systems and these devices
will become more widely used.

OPTION CONTINUOUS SUBCUTANEOUS INSULIN INFUSION (CSII) VERSUS MULTIPLE DAILY
SUBCUTANEOUS INSULIN INJECTIONS (MDI) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Glycaemic control
Continuous subcutaneous insulin infusion compared with multiple daily subcutaneous insulin injections Continuous
subcutaneous insulin infusion may be more effective than multiple daily subcutaneous insulin injections at improving
glycaemic control in adults with type 1 diabetes, but we don't know about in adolescents (very low-quality evidence).

Quality of life
Continuous subcutaneous insulin infusion compared with multiple daily subcutaneous insulin injections Continuous
subcutaneous insulin infusion may be more effective than multiple daily subcutaneous insulin injections at improving
some quality of life measures in adults with type 1 diabetes. However, evidence was weak, and we don't know about
in adolescents (very low-quality evidence).

Note
Some studies found an increase of diabetic ketoacidosis associated with the use of insulin pumps; however, this
was in older studies and was not reported in more contemporary studies using modern pumps. People using contin-
uous subcutaneous insulin infusion remain at increased risk of ketosis if the insulin delivery is interrupted for any
reason. We found no evidence regarding the effects of continuous subcutaneous insulin infusion on long-term com-
plications/outcomes. A limitation of the current evidence is the limited number of studies that examined current insulin
regimens.

For GRADE evaluation of interventions for diabetes: glycaemic control in type 1, see table, p 22 .

Benefits: Continuous subcutaneous insulin infusion versus multiple daily subcutaneous insulin in-
jections:
Adults
We found 5 systematic reviews (search dates 2005, [44]  2006, [45]  2007, [46] [47]  and 2009, [48] )
and one subsequent RCT [49]  comparing continuous subcutaneous insulin infusion (CSII) versus
multiple daily subcutaneous injections (MDI). The reviews performed slightly different analyses,
had different inclusion criteria, and reported on different outcomes. Most RCTs were open label,
and most were old and did not use contemporary regimens (pumps, insulins).

The first review (search date 2007) included 17 RCTs (908 adults) comparing CSII (applied
24 hours/day; pump therapy during night only excluded) versus MDI using the same short-acting
insulin in both treatment groups and reporting on glycated haemoglobin (HbA1 or HbA1c). [46]

Seven RCTs were of parallel design and 10 RCTs were a crossover design, and study duration
ranged from 5 weeks to 24 months. Insulin therapy was classified as MDI only if at least 50% of
participants in the comparator group had three or more injections of short-acting insulin per day.
In total, 12 RCTs used regular human or porcine insulin and 5 RCTs used insulin analogues as
the short-acting insulin for CSII and MDI. Two studies used an insulin analogue (glargine) as the
background insulin. Most studies were of low methodological quality (graded C, defined as "plausible
bias seriously weakening confidence in the results"). Because of methodological deficiencies, only
12 RCTs were included in the meta-analysis (6 measured HbA1c and 6 measured HbA1).The review
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found that CSII significantly improved glycated haemoglobin compared with MDI (12 RCTs; SMD
–0.6, 95% CI –0.87 to –0.22; corresponding to an effect size of –0.6% in original units; absolute
numbers not reported; results presented graphically). There was significant heterogeneity among
RCTs in the analysis (reported as P = 0.000). The review reported that this was probably caused
by several factors (studies dating back to 1982, weak methods, different study designs, different
CSII pumps). [46]

The second review (search date 2007) included 21 RCTs. [47]  It included RCTs in adults (18 years
or older with diabetes for at least 1 year) with a minimum of 12 weeks' treatment duration. In total,
8 RCTs were of crossover design and 13 RCTs were of parallel design. By contrast with the first
review, this review compared CSII versus both multiple injections and conventional insulin treatment
(CIT). Although not clearly defined in the review, the conventional therapy group is likely to contain
people taking less than three injections per day, while the MDI group was on three or more injections
per day. Overall, the review found that CSII significantly reduced HbA1c compared with the MDI
and CIT groups combined (21 RCTs; 13.2 mmol/mol, 95% CI 8.0 mmol/mol to 17.5 mmol/mol
[1.2%, 95% CI 0.73% to 1.59%]; P <0.001; results presented graphically). [47]  In a subgroup anal-
ysis, CSII significantly reduced HbA1c compared with either group alone (CSII v CIT: 15.4 mmol/mol,
95% CI 9.4 mmol/mol to 22.0 mmol/mol [1.4%, 95% CI 0.95% to 2.00%]; P <0.001; CSII v MDI:
7.7 mmol/mol, 95% CI 0.9 mmol/mol to 14.3 mmol/mol [0.7%, 95% CI 0.08% to 1.30%]; P = 0.03;
absolute numbers not reported). [47]

The third review (search date 2009) included 23 RCTs (976 people). [48]  Only studies using three
or more injections in the MDI arm were eligible. In total, 11 RCTs were of parallel design and 12
RCTs had a crossover design. Of these, 14 RCTs (61%) were industry sponsored. Eleven RCTs
used an insulin analogue as the rapid-acting insulin in the MDI arm while 4 RCTs used glargine
as the long-acting insulin. Data from 6 crossover studies were re-analysed by the review. Out of
23 RCTs, 7 RCTs included people under the age of 18 years, including children. We have only
reported data for those aged 18 years or older here.The review found that CSII significantly reduced
HbA1c compared with MDI (12 RCTs; mean difference –3.2 mmol/mol, 95% CI –5.7 mmol/mol to
–0.07 mmol/mol [–0.29%, 95% CI –0.52% to –0.06%]; P = 0.013; results presented graphically;
absolute numbers not reported). There was significant heterogeneity among RCTs in the analysis
(P = 0.002). The review did not explain the heterogeneity, but noted that in the overall analysis of
all age groups for HbA1c, the removal of one RCT in adults with a high risk of bias reduced hetero-
geneity considerably. Quality of life was measured using different instruments by 15 RCTs (including
Diabetes Treatment Satisfaction Questionnaire [DTSQ], Diabetes Quality of Life [DQOL], and Dia-
betes Quality of Life for Youth [DQOLY]). The review did not pool data. Results varied by the
questionnaire used, and the review noted that it was difficult to determine which treatment was
better when independent questionnaires were used to measure satisfaction, acceptability, preferred
treatment, and reaction to treatment. However, the review reported that the majority of participants
were more satisfied with CSII than with MDI.

The subsequent RCT also assessed the difference in glycaemic control when people using NPH
insulin-based MDIs were randomised either to an MDI regimen with insulin glargine as basal insulin
and meal-time insulin lispro or to continuous subcutaneous infusion of insulin lispro and managed
on either regimen for 6 months. [49]  Fifty people were randomised, and 43 (86%) people completed
the study. The RCT found no significant difference between groups in mean HbA1c (baseline-ad-
justed difference –1.1 mmol/mol, 95% CI –5.5 mmol/mol to +3.3 mmol/mol [−0.1%, 95% CI −0.5%
to +0.3%]). Similarly, fasting blood glucose and other pre-prandial, post-prandial, and night-time
self-monitored plasma glucose levels did not differ between the regimens, nor did measures of
plasma glucose variability. [49]

The fourth review (search date 2005) included both RCT and observational data and reported on
quality of life outcomes. [44] The review did not pool data because of weak methods and inconsistent
analysis among included studies. It found 5 RCTs, of which two were in adults. One RCT (27
people) found no significant difference between groups in quality of life measures at 9 months
(DQOL questionnaire, reported as no significant difference on any of the subscales; P values not
reported). One RCT (79 adults) with a high withdrawal rate (22%) found that scores on the short
form-36 subscales of general health and mental health improved significantly in the CSII group
compared with the MDI group (general health: +5.9 with CSII v –1.2 with MDI; P = 0.048; mental
health: +5.2 with CSII v –0.6 with MDI; P = 0.05; further details not reported). The review reported
one further RCT (272 people) published after its search date, which found significantly higher
quality of life score for CSII compared with MDI at the end of treatment (overall DQOL score: 75
with CSII v 71 with MDI; P less-than or equal to0.001). The review noted that the MDI group did
not use a long-acting insulin analogue, and did not take into account any disappointment effect for
participants who did not receive their preferred treatment and had thus withdrawn. [44]
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The fifth review (search date 1996–2006) only included RCTs of >6 months' duration of CSII and
where the rate of severe hypoglycaemia during MDI was >10 episodes per 100 patient-years of
treatment. [45] The review reported that only RCTs published after 1996 were eligible — because
the review wished to examine modern pumps and insulins in people with a significant initial rate
of hypoglycaemia (the target population in some guidelines) — and which had an adequate duration
of pump therapy. All the RCTs included in the review used isophane or lente insulins in the MDI
arm. Severe hypoglycaemia was defined as that requiring third-party assistance including uncon-
sciousness, seizure, glucagon administration, and emergency attendance or admission to hospital.
The review included 22 studies in total, including 10 studies in children or adolescents and 12 in
adults.The review included both parallel-design RCTs and crossover studies in which people were
switched from MDI to CSII and acted as their own control, but we have only reported the outcome
data for RCTs here. The review found 6 RCTs (431 people in total; 380 [88%] adults and 51 [12%]
children). The review found that insulin pump therapy significantly reduced HbA1c compared with
control (difference 2.1 mmol/mol, 95% CI 1.3 mmol/mol to 3.3 mmol/mol [0.21%, 95% CI 0.13%
to 0.30%]; absolute numbers not reported; RCTs in analysis not reported). [45]  However, these
data may have also included children.The review also pooled data on hypoglycaemia (see harms).

Adolescents
We found no systematic review or RCTs in adolescents alone.

Harms: Continuous subcutaneous insulin infusion versus multiple daily subcutaneous insulin in-
jections:
Adults
We also found some data on the occurrence of ketoacidosis with the use of earlier insulin pumps
(see harms of intensive treatment programmes, p 3 ).

The first review did not pool data for hypoglycaemic episodes because of small numbers and dif-
ferences between RCTs. [46]  It reported that severe hypoglycaemic episodes were rare. Three
RCTs reported that no severe hypoglycaemia was observed. Of the RCTs that reported episodes,
the proportion of people with severe hypoglycaemia ranged from 0 to 0.13 in the CSII groups and
from 0 to 0.4 in the MDI group (further details not reported). Of 6 RCTS that reported episodes,
the rate of people with mild/minor hypoglycaemic events ranged from 0.9 to 3.1 weekly events per
person in the CSII groups and from 1.1 to 3.3 weekly events per person in the MDI group (median
rate: 1.9 weekly events per person with CSII v 1.7 weekly events per person with MDI; statistical
analysis not reported). The review reported that overall, information on adverse effects other than
hypoglycaemia was insufficient in the available publications. Data on ketoacidosis were reported
in 10 RCTs. Only one RCT reported a statistically significant increase in ketoacidosis with MDI
compared with both CSII groups (fixed and variable infusion rate), but this RCT was excluded from
the analysis because of major methodological deficiencies. [46]  Other adverse effects reported in-
cluded infusion site problems with CSII.

The second review reported that overall there was no significant difference in the frequency of hy-
poglycaemic events between CSII and MDI/CIT groups, although no analysis or further data were
reported to support this finding. [47]

The third review reported that included RCTs used different scales for non-severe and severe hy-
poglycaemic events, which precluded the pooling of data. [48]  It reported that generally (including
all RCTs both in people older than and younger than 18 years), data indicated that there was no
relevant benefit of one intervention over the other for reducing non-severe hypoglycaemia, but that
CSII may be better than MDI for reducing the incidence of severe hypoglycaemic events. However,
this conclusion was based on a general overview of events reported in individual RCTs.The review
noted that adverse events in general were not well reported. It found reports of injection site and
infusion site injuries, infusion site infections, blockages, and dislodgements, but did not report a
statistical analysis between groups. It reported that in two RCTs, there was one episode of ketoaci-
dosis in the CSII group of each study, and one episode in the MDI group in one of the RCTs. [48]

In the subsequent RCT, participants on CSII recorded 1152 hypoglycaemic events (by 23/28 [82%]
people) compared with 1022 hypoglycaemic events (by 27/29 [93%] people) recorded in the MDI
group. [49] The RCT found no significant difference in hypoglycaemia-related outcomes between
groups (overall, P = 0.93; non-severe, P = 0.97; nocturnal, P = 0.34; symptomatic, P = 0.84;
asymptomatic, P = 0.95). [49]

The fourth review did not report on adverse effects. [44]

The fifth review, which included more recent studies (search date 1996–2006) pooled data for hy-
poglycaemic events. [45] The review found that CSII significantly reduced severe hypoglycaemia
compared with MDI (RR 2.89, 95% CI 1.45 to 5.76; absolute numbers not reported). However,

© BMJ Publishing Group Ltd 2011. All rights reserved. .......................................................... 18

Diabetes: glycaemic control in type 1
D

iab
etes



these data may include children. The review did not perform a separate analysis based on age,
but mean age was a significant predictor of treatment effect (P = 0.019), with older participants
having a greater reduction in severe hypoglycaemia on CSII compared with MDI (results presented
graphically). [45]

Adolescents
We found no RCTs.

Comment: Clinical guide:
Continuous subcutaneous insulin infusion (CSII) has been available for >30 years and has been
a valuable tool in the management of type 1 diabetes. Over time, the reliability and functionality of
insulin pumps have improved, with some of the newer pumps also having additional features such
as insulin bolus calculators, ability to modify the rate of delivery of meal-time insulin bolus (square
wave and dual wave bolus), and display of continuous glucose measurements obtained via a
separate sensor to facilitate insulin dose adjustments and hypoglycaemia monitoring. Furthermore,
clinical resources including trained healthcare professionals and structured education programmes
are increasingly available to the individual insulin pump user.

The evidence presented here based on available RCT data shows that use of CSII in broad adult
populations with type 1 diabetes is associated with a relatively modest, albeit clinically significant,
improvement in glycaemic control as measured by HbA1c in the range of 3.3 mmol/mol to
7.7 mmol/mol (0.3% to 0.7%). CSII may offer improvement in health-related quality of life outcomes
and may reduce the frequency of severe hypoglycaemia in those at highest risk. The available
evidence does not support a reduction in non-severe hypoglycaemia.

Although we have not reported on observational studies, overall, these studies have shown a much
greater benefit with CSII than that observed in RCTs. Results of the observational studies were
included by NICE in the development of the recent insulin pump therapy guidance. [50] The inclusion
of non-randomised studies was based on the premise that people enrolled in observational studies
would more closely resemble CSII users in routine clinical practice. The guidance also mentioned
that specific but infrequent complications of CSII included reactions and occasional infection of the
cannula site, tube blockage, and pump malfunction.

One of the limitations of the available systematic reviews is the limited number of RCTs that used
long-acting insulin analogues in the MDI arm. The available evidence from the few such studies
shows no difference between CSII and MDI in terms of HbA1c. Furthermore, there is insufficient
evidence regarding the effects of long-term CSII use on complications and mortality.

Reassuringly, the reported increased risk of diabetic ketoacidosis with the earlier generations of
pump devices does not seem to be apparent in more recent studies.This may reflect both improve-
ments in technology and improved delivery of patient education. People using CSII remain at in-
creased risk of ketosis if the insulin delivery is interrupted for any reason.

GLOSSARY
Low-quality evidence Further research is very likely to have an important impact on our confidence in the estimate
of effect and is likely to change the estimate.

Moderate-quality evidence Further research is likely to have an important impact on our confidence in the estimate
of effect and may change the estimate.

Very low-quality evidence Any estimate of effect is very uncertain.

SUBSTANTIVE CHANGES
Psychological interventions New option. [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [38] [37] [39] [40] We found
insufficient evidence on the effects of psychological interventions on glycaemic control. We found some evidence
that psychological interventions may be more effective than control at improving some psychological outcome mea-
sures. However, evidence was weak, inconsistent, varied by the specific intervention used, and by the outcome
measure assessed. Categorised as Unknown effectiveness.

Educational interventions New evidence added. [22]  Categorisation unchanged (Likely to be beneficial).

Intensive treatment programmes New evidence added. [7] [8] [9] [13] [14] [15] [16]  Categorisation unchanged
(Likely to be beneficial).

Continuous subcutaneous insulin infusion (CSII) versus multiple daily subcutaneous insulin injections (MDI)
New evidence added. [44] [45] [46] [47] [48] [49] [50]  Categorisation changed from Trade-off between benefits and
harms to Likely to be beneficial.
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Different frequencies of blood glucose self-monitoring New comparison added (continuous blood glucose
monitoring versus intermittent/conventional monitoring). [41] [42] [43]  Categorisation changed from Unknown effec-
tiveness to Likely to be beneficial.
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TABLE GRADE evaluation of interventions for diabetes: glycaemic control in type 1

Mortality, long-term outcomes (microvascular), long-term outcomes (macrovascular), glycaemic control, quality of life, adverse effectsImportant outcomes

CommentGRADE
Effect
size

Direct-
ness

Consis-
tencyQuality

Type of
evi-
denceComparisonOutcome

Number of studies (par-
ticipants)

What are the effects of intensive treatment programmes, psychological interventions, and educational interventions in adults and adolescents with type 1 diabetes?

Quality point deducted for incomplete reporting of
results. Directness point deducted for restricted

Low0−10−14Intensive v conventional treat-
ment programme

MortalityAt least 14 (at least
2067) [9] [18]

population (young people at low risk of macrovascu-
lar events) in 1 review

Quality point deducted for incomplete reporting of
results

Moderate000−14Intensive v conventional treat-
ment programme

Long-term out-
comes (microvas-
cular)

At least 8 (at least
1712) [8] [15] [7]

Quality point deducted for incomplete reporting of
results. Directness point deducted for use of com-
posite outcome (including fatal and non-fatal events)

Low0−10−14Intensive v conventional treat-
ment programme

Long-term out-
comes (macrovas-
cular)

7 (unclear) [9]

Quality point deducted for incomplete reporting of
results

Moderate000−14Intensive v conventional treat-
ment programme

Glycaemic controlAt least 2 (at least
1441) [8] [9] [15] [7]

Quality point deducted for incomplete reporting of
results. Directness point deducted for inconsistent

Low0−10−14Intensive v conventional treat-
ment programme

Adverse effectsAt least 15 (at least
2469) [8] [18] [15] [7]

results depending on when RCT undertaken (older
version of insulin pumps compared with more con-
temporary pumps) affecting generalisability of results

Quality point deducted for incomplete reporting of
results. Consistency point deducted for conflicting
results

Low00−1−14Educational interventions v
usual care/controls

Glycaemic control15 (896) [22] [23] [20]

[21]

Quality point deducted for incomplete reporting of
results. Directness points deducted for heterogeneity

Very low0−20−14Educational interventions v
usual care/controls

Quality of life10 (at least 286) [22] [21]

[23]

of interventions and lack of standardised or validated
outcome measures

Quality points deducted for incomplete reporting of
results and weak methods. Consistency point deduct-
ed for significant heterogeneity

Very low00−1−24Psychological interventions v
control

Glycaemic control20 (1584) [27] [28] [29]

[30] [31] [32] [33] [34]

[36] [37] [40]

Quality points deducted for incomplete reporting of
results and weak methods. Directness point deduct-

Very low0−10−24Psychological interventions v
control

Quality of life14 (at least 953) [27] [28]

[29] [30] [32] [33] [35]

[36] [37] [40] ed for results varying by range of outcome measures
used/wide range of outcome measures used

What are the effects of different insulin regimens or frequency of blood glucose monitoring in adults and adolescents with type 1 diabetes?

Directness points deducted for inclusion of children
in 1 RCT and highly selected populations (very mo-

Low0−2004Continuous blood glucose
monitoring v intermittent/con-
ventional monitoring

Glycaemic control2 (337) [41] [42]

tivated in 1 RCT; ability to wear and replace sensor
effectively in both RCTs)
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Mortality, long-term outcomes (microvascular), long-term outcomes (macrovascular), glycaemic control, quality of life, adverse effectsImportant outcomes

CommentGRADE
Effect
size

Direct-
ness

Consis-
tencyQuality

Type of
evi-
denceComparisonOutcome

Number of studies (par-
ticipants)

Quality points deducted for incomplete reporting of
results and weak methods. Directness points deduct-
ed for heterogeneity and some studies using old
regimens (pumps, insulins) affecting generalisability
of results

Very low0−20−24Continuous subcutaneous in-
sulin infusion v multiple daily
subcutaneous insulin injections

Glycaemic controlAt least 21 (at least
951) [45] [46] [47] [48]

[49]

Quality points deducted for incomplete reporting of
results and weak methods. Directness point deduct-
ed for range of assessment methods used

Very low0−10−24Continuous subcutaneous in-
sulin infusion v multiple daily
subcutaneous insulin injections

Quality of lifeAt least 15 (at least
378) [44] [48]

Type of evidence: 4 = RCT.
Consistency: similarity of results across studies.
Directness: generalisability of population or outcomes.
Effect size: based on relative risk or odds ratio.
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